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This invention relates fo the polymerization of generally required too high a temperature to pro- 
ethylenically unsaturated compounds and more duce high quality polymer in dispersed form. 
particularly fo the polymerization in water sys- This invention has as an object a new process 
tems by means of water soluble azo compounds of polymerization. A further object is the pro- 
which contain amidine, i. e., guanyl, groups in the  vision of new polymerization systems. Other 
form of their acid salis, jects will appear hereinafter. 
In U. S. 2,471,959 if has been shown that certain These objects are accomplished by the inven- 
organic azo compounds which have an acyclic tion of the process wherein a monomer subject 
azo group bonded fo aliphatic carbons of a par- fo addition polymerization and having a non- 
ticular chàracter are useful as polymerization I0 aromatic ethylenic group, preferably terminal, 
initiators, or catalysts, for polymerizable ethyl- is polymerized by bringing the monomer in con- 
enic compounds. These catalysts have several tact with an organic azo compound wherein 
advantages over the more conventional type azo --N-N-- group is acyclic and bonded from 
which have directly linked oxygen atoms, such both of the nitrogens fo discrete carbons which 
as benzoyl and other peroxides. The latter type I are aliphatic and at least one and generally both 
polymerization initiators provided a source of of which discrete carbons are tertiary and have 
oxygen which may change the properties of the as one of the groups attached to the tertiary 
 polymer obtalned by discoloratlon, oxidation of carbon a guanyl radical in the form of an inór  
any added modifiers and insolubilization, ganic acid salt. These azo amidine catalysts are 
The azo compounds disclosed in U. S. 2,471,959 20 particularly useful in the preparation of polymer 
represent a considerable advance in polymeriza- dispersions in aqueous media. The preferred 
tion; however, the compounds disclosed are gen- compounds are thus acid salts of dialkyldigu_a- 
erally water insoluble particularly in slightly ylazoalkanes in which the alkyl radicals are lower 
 acid media and accordingly not convenient fo alkyls, particularly of from one to four carb?n s, 
employ in the direct preparation of polymer dis- 25 for use in the polymerization. 
In general these compounds may be prepared 
persions by the polymerization of polymerizable by the treatment of an azonitrile, e. g., alpha,- 
ethylenically unsaturated compounds in water alpha'-azodiisobutyronitrile, in- an anhydrous 
systems af relatively low temperatures, system with an alcohol, hydrogen halide and a 
If is disclosed in U. S. application Serial No. hydrogen-bearing amine of the formula 
757,682, filed June 27, 1947, now U. S. Patent 3O 
2,520,338 that carboxylic groups be introduced in where R is hydrogen or an organic radical, gen- 
erally hydrocarbon, of one fo six carbons. These 
one ofthe hydrocarbon chains of the azonitriles, compounds are generally employed in amounts 
The akali metal salts of such carboxylic azo- of from 0.1 fo 5% based on the weight of ethyl- 
nitriles have some solubility in aqueous systems enicaliy unsaturated compound in an aqueous 
which are neutral fo basic. However, if has been 35 medium af temperatures of from 40-90 ° C. and 
ound that these compounds are not soluble in generally in the presence of a surface-active 
aqueous acidic solutions. Acidic solutions are agent. 
preferable for many polymerization reactions, The following examples in which parts are by 
particularly those involving olefinic hydrocar- weight are i]lustrative of the invention. 
bons and certain acrylic compounds, fo obtain 40 
Exa.mple I 
superior properties in the resulting polymers. 
In general, the use of peroxy and other prior A solution of ten parts of purified commercial 
art polymerization catalysts in the polymeriz- sodium dodecylsulfate and four parts of disodium 
tion of ethylene in aqueous media bas resulted hydrogen phosphate in 200 parts of distilled oxy- 
in formation of a coagulated polymer. For many 45 gen-free water v«as prepared under nitrogen. 
uses, a dispersion of ethylene polymer in water This solution was cooled in ice and one part of 
would be an advance in the art provided the dis- the hydrochloride of 2,2'-diguanyl-2,2'-azopro- 
persion was of sufficient concentration, e.g., pane was added. The resulting mixture was 
above 15% of polymeric ethylene, and of high charged in a stain2ess steel-lined rocker bomb 
quality, e. g., high molecular weight but relatively 50 capable of holding 1000 parts of water. The 
free from crosslinkig. Such a dispersion pos- bomb was then fiushed with nitrogen and 
sesses utility in the preparation of coatings and ated. Ethylene was added until the total pres- 
similar uses by the evaporation of water from the sure was 500 atmospheres. The contents of the 
dispersion. Conventional prior art catalysts em- bomb were heated to 70 ° C. and the pressure then 
ployed in the preparation of dispersions bave 55 raised to 900 atmospheres by the addition of more 
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3 
ethylene. The reaction mixture was agitated by 
rocking the bomb ïor two hours while the temper- 
ature was maintained ai 70 ° C. At the end oï 
this period the temperature was lowered and the 
ethylene bled off. The reaction mixture (which 5 
correspondéd in volume-fo 210 parts' of'water) ai 
this point was a transparent lïquid with a bluish 
cast. A portion (weighing about 110 parts) of 
this material was acidhûed by the addition oï di- 
lute nitric acid and thon heated to boiling untfl. 10- 
the ethylene polymer was comp!etely coagulatedi. 
The polymer was removed by filtration and 
washed with acetone and -water, thon air dried- 
fo give 27.5 parts of white powdër which.corre- 
sponds to a solids content of 25% in the original 15 
dispersion. The ethylene polymer had. an in- 
herent viscosity of 0.58 as determined on a 0.1% 
solution in xylene at 85 ° C. 
Exarn-ple II 
20 
The procedure of Examp!e I- was repeated, ex- 
cept thatthe reaction rime was ïour hours, at 
65? C.-and no disodinm hydrogen phosphate-was 
present: The volume .of dispersion isolated, cor- 
resp.onded (involume):to 228 parts,ofwater the 25 
solids content was 2%5%: and.the ethylene p.oly- 
mer ladan inherent.viscosity of 0.50. 
Example III 
/.mixture comprising. 20 parts oï acrylonitrile, 
80,parts of distitled water, and.0.075 partoï, the 30 
hydrochloride of 2,.2.'-diguanyl-2,2-azopropane 
waschrged in a glass vessel, which was flushed 
with, nitrogen and sealed: OEhe vessel was.placed 
in.a  bh ai,65 ° C. with agitation and at.the end 
oï:20,hours 20 parts-oï polacrylonitrile was oh- 35 
tained: The.-polymer had an.inherent vicosity 
of-.6.28,. 
Example IV 
The'general:procedure oî Example III was-re- 40 
peaed.except that the monomer system'consisted 
of lg parts of acrylonitrile and one prt. of. 
methFlumineethyl methacrylate and ttie poty- 
merizatiòn timevas  18' hours ata pI-I:oï 9.35. 
There was obtained'13i2 parts (65% conversion) 45 
ofrpolymer . which had aninherent viscosity, oî2.7. 
Example V 
A  mixture consisting oï 186 parts of water, 12.3 
parts of acrylonitrile, 0.7 part oï. dimethylamino- 5o 
ettiylïmethacrylate, and:0.07 part  of ttie lïydro- 
cl210ride of2,2':eediguanyl-2,2,-azopropane was ad- 
justedto a pHoï 3.93 with sulïuric acid charged 
inaglass vessel, flushedwith nitrogen and.sealed. 
.fter, 70 minutes at" 65e . there was obtained a 55 
6%. conversion fo a polymer which.had an'An- 
tierent.viscosity of 3.84 
Example VI. 
A glass container was charged with 20 parts 
6O 
water, 16 parts of. aerylonitrile and 0.2 part 
the hydrochloride oï 2,2'-diguanyl-2,2'-azobu- 
fane. As son as the temperature was raised to 
60 ° C: rapid polymerization took place 
Example VIl 65 
The general procedflre oï Example VI ws 
Peated except that the azo compoundwas 2,2'- 
bis(N,N.- diethylguanyl) - 2,2' - azopropane. A 
white polyrner was obtained. 
Example VIIL 
When the general procedure of Example VI 
wasrepeated excePt that the azo compound em- 
ployed was 2,2'-bis(N-hydroxyethylguanyl) 
azopropne, polymerization also occurred. 75 
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Example IX 
A glass vessel was charged with 11.6 parts of 
allyl alcohol, 10.6 parts of acrylonitrile, 50 parts 
of water and 0.1 part oï 2,2'-diguanyl-2,2'-azo- 
propane. Aïter heating, for 16 hours_ at 60 ° C., 
a. total of:3.8 parts of polmer was obtained which 
contained 73.7% acrylonitrile. 
Example X 
Amixture of 100 parts of 2-chlorobutadiene, 4 
parts,.ofNancy wood rosin and 0.4 part of dodecy] 
mercaptan was added fo a solution containing 
15.7 'parts-of distflled copper-free water, 1.15 parts 
of sodium tiydroxide, 0.6 part of "Daxad" 11 (a 
dispersant and 1.5 parts of 2,2'-diguanyl-2,2'- 
azopropane. The resultant emulsion was stirred 
undernitrogen for 25 minutes ai 60 ° C. The poly- 
m.erization was stopped by the addition of a small 
amount of an emulsion containing p-tertiary- 
butylcatechol and phenothiazine. The polymer 
was-isolated by coagulation with methan(fl and 
brine-and the plàstic tacky-rubber washed -. and 
dried'on.a milt ai 50-60 ° C. There was obtained 
38 :parts-of polymer: 
Example- Xi- " 
A: glass- vessel was charged with 34 parts of 
methyl.hydrogen maleate, 27 parts of acryloni- 
trile,- 740 parts ofwater and 0.3 part of 2,2'-di- 
guanyl-2,2'-azopropune. After fivehours ai-65 ° 
C. a 20% conversion to-polymer was obtuined. 
The-polymer' had an inherent viscosity. (0:2% 
solutionin dimethylformamide) of 1:62 and had 
a softening temperature-of 190 ° C. The'prodùct 
contained 2.64%- nitrogen, corresp.onding fo a 
copolmer containing. 6% methyl hydrogen 
maleate. 
A. preferred system-ofthe present invention 
wherein ethylene ispolymerized in aqueous media 
employing ttie azoamidfloEes of this- invention as 
cataiysts..i i]lustrated in Exaïnplè X-II: lelow. 
E-xampe XII. 
A  solution of six parts- commercial "Triton" 
X100; 300 parts of copper-free, deoxygenated 
water and 30 parts of tertiary butyl alcohol-was 
prepared and charged under nitrogen ai-room 
temperature to u rockerbomb having a stain- 
less-steel liner and a capacity of 1500 parts, by 
weight of water; 0.5 part of the hydrochlorid of 
2,2'-diguanyl-2;2'-azopropane was added to' the 
bomb which was thon flushed with nitrogen, 
closed, and- evacuated. Ethylene was added (565 
atmospheres of pressure) to the bomb which was 
thon heated to an internal temperature of 65°C. 
Additional ethylene was charged t0-the bomb .tfll 
a pressure of 970.atmospheres was.obtained, The 
reaction mixture was thon agitated by. rocking 
for- a: period oî. six hours while the temperature 
was maintained ai 65°C. and the pressure was 
helii between 900 and 1000 atmospheres ly.re- 
pressuring with ethylene. A total pressure-drop 
of.. 155 atmospheres was recordeddùring.the re- 
action period. A the end of the reaction the 
bomb was cooled and the excess ethylene was 
bled off. A ]nfiky-white, fluid liquid was re- 
covered. Assay ofthe dispersion indicated-the 
p.resence: of-11:3%: solids and electron, photo- 
micrographs indicated that the dispersed par= 
ticles- were- spheroidal and approximately. 0.1 
micron in diameter: A portion of-the liquid:was 
teated with a  large volume oï acetone-, and the 
coagulated polmer.: was flltered, washed' with 
acetone and water, and dried. This material had 
an inherent vicosity: of 1.58 sis determined on.a 
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solution containing 0.1 g. polymer/100 cc. of 
xylene at 85 ° C. A film pressed.at about 140 ° C. 
was veY flexible and orientable. 
The present invention is generic fo the poly- 
merization of ethylenic monomers subject to ad- 
dition polymerization, employing as the initiator 
or catalyst, a soluble acid salt of an azo. com- 
pound which contains a guanyl radical attached 
to a tertiary carbon which carbon is further at- 
tached fo an acyclic azo group. The following 
general formula shows the preferred compounds: 
HN R R ' NH 
wherein R and R'--alkyl radicals of one to four 
carbons, e. g., methyl, ethyl, n-butyl, and 
or a monovalent organic radical of one fo six car- 
bons, e. g., methyl, butyl, hexyl, phenyl, while HX 
represents an inorganic acid and suitably a hy- 20 
drogen halide. In a further preïerred embodi- 
ment, these compounds are saturated, i. e., free 
from carbon fo carbon unsaturation, and are hy- 
drocarbon except for the azo and guanyl nitro- 
gens and the acid. The invention is thus appli- 25 
cable inter alia to the hydrochlorides and hydro- 
bromides of 2,2'-bis(N-phenylguanyl)-2,2'-azo- 
propane, 2,2'-bis (N,N-dimethylguanyl) -2,2'-azo- 
butane, 3,3'-bis(N,N-di-n-zutylguanyl)-3,3'-azo- 
pentane, and 5,5'-diguanyl-5,5'-azononane, to 3o 
mention but a few.- Inorganic acid salts other 
than the hydrobromide and hydrochloride may 
be prepared from these hydrohalides by double 
decomposition with, for example, lead nitrate, 
silver fluoride, or by îreeing the amidine base 
with the use of alkali followed by acidification oî 
the base with the appropriate acid, e. g., hydri- 
odic, sulfuric, etc. 
The azo catalysts of this invention can be pre- 
pared by a process comprisind (a) reaction in an 
anhydrous alkanol of hydrogen chloride or 
drogen bromide with an organic azo compound 
wherein the azo, --NN--, group is acyclic and 
bonded from both its nitrogens fo discrete car- 
bons one af least of which is tertiary and bas 45 
attached fo it a nitrile group, (b) separation of 
the salt thus obtained, and (c) treatment with 
a hydrogen-bearing amine including ammonia, 
aniline, diphenylamine, diethylamine, in alkanol 
medium. The above reactions are carried out 50 
under anhydrous conditions and at tcmperatures 
of generally in the range of --10 to 30 ° C. This 
preparation is exemplified in my copending 
plication Serial No. 170,027, filed of even date 
herewith, wherein the azo amidines are claimed 
as new compounds. The preferred azonitriles are 
saturated and are hydrocarbon except for the 
nitrile and azo nitrogens. 
Azonitriles from whieh the guanyl salts are. 
prepared can be obtained by the procedure of 
Thiele and Heuser, Ann., 1-43 (1896), Dox, J. 
Ara. Chem. Soc. 47, 1471-1477 (1925) and Aider- 
son and Robertson U. S. 2,469,358. 
The amount of the azo catalyst employed can 
vary within wide limits although generaly 0.05 to 
5% based on the weight of monomer and prefer- 
ably 0.1 to 2 % are employed. 
The temperature of polymerization should hOt 
exceed 100 ° C. and should be more than 25 ° C. 
The preferred temperature depends upon the 7,(} 
particular azo catalyst but is generally 50-80 ° C. 
The amount of water present during the poly- 
merization can vary widely. However, fo obtain 
relatiYë]y concentrated dispersions of the poly- 
merle materiàl for use, the ratio of water fo poly- 75 
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merizable monomer is generally within the range 
of 3.to 20 per part of monomer that is con- 
verted fo polymer. 
The particular surface-active agent or dis- 
persant employed, if any, is subject fo wide vari- 
ation. In fact any of the three different types, 
i. e., nonionic, anionic, and cationic, may be 
employed. The precise amount employed in sys- 
teins in which the polymerizable monomer is in- 
soluble depends upon the activity of the dis« 
persant. Amounts of 1 to 10% are generally 
employed. 
Liquid conditions are desired for the polymeri- 
zation of this invention and polymerizations in 
which the monomer is a gas req.uire pressure. 
Thus ethylene polymerizations generally are 
fected at pressures of from 100 fo 7500 atmos- 
pheres. 
In that modification of the invention repre- 
sented by Example XII above the polymerization 
system includes not only the monomer; catalyst, 
and initiator, bu also a watcr-miscible organic 
solvent and a dispersing agent. The watcr-mis- 
cible organic solvent is present in amounts of 5 
fo 30% of the weight of water employed. Par- 
ticularly suitable are the lower aliphatic (1 to 4 
carbon) alcohols and particularly the alkanols 
such as methanol and tertiary butyl alcohol. 
Although anionic (e. g., sodium lauryl sulfate) 
or cationic dispersing agents may be employed, 
nonionic dispersants are preferred, such as poly- 
ethylene oxide derivatives of phenols (e. g., "Tri- 
ton" X100). The amount of dispersant present 
may vary considerably but is generally af least 
1% and may be 3% or more based on the amount 
of water employed. 
The products obtained by the process of Exam- 
ple XII bave superior properties; i: e., the emul- 
sions can be used directly or the polymer can be 
isolated and fabricated into films or molded ob- 
jects. These polymers are orientable and exhibit 
oustanding flexibility. Viscosity of the polymer 
solutions in hot xylene is high. 
The process of this invention is of generic 
application to the addition 'polymerization of 
polymerizable compounds having the non-aro- 
matie ethylenic, 
group. It is particularly applicable fo mono- 
tuerie unsaturated polymerizable compounds in 
which the unsaturation is due to a terminal êthyl- 
55 enicgroup which ïs attached fo a negative radi- 
cal. Itis thus applicable fo polyrnerizable vinyl- 
idene compounds, including vinyl compounds and 
particularly preferred are those which contain 
the 
CHC / 
group. 
Compounds having a terminal methylene, 
CH2, group which are subject fo polymerization 
and copolymerization with the initiators of this 
invention include oleflns, e. g., ethylene, isobutyl- 
ene; acrylyl and alkacrylyl compounds, e. g., ac- 
rylonitrile, methyl acrylate, ethyl methacrylate, 
methacrylic acid, methacrylamide; vinyl and 
vinylidene halides, e. g., vinyl chloride, vinylidene 
chloride; vinyl carboxylates, e. g., vinyl acetate, 
vinyl trimethylacetate; vinyl imides, e. g., N- 
vinylphthalimide; N-vinyllactams, e. g., N-viryl- 
caprolactam; vtnyl aryls such as styrene and 
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other ,vinyl derivtives-such as the vinylpyridines, 
methyl viyl ketone and vinyl ethyl ether. 
lluoroethylenes including .vinyI fiuoride and 
particularly polyfluoroethylenes, including tetra- 
:fiuor0ethylene, chlorotrifluoroethylene and l,l- 
dichloro-2,2-difiuoroethylene may be polymerized 
and copolymerized by the process of this inven- 
tion. 
P01ymerizablecompounds that bave a plurality 
Of ethylenic double bonds that similarly may be I0 
polymerized or copolymerized include those hav- 
ing conjugated double bonds, such as .butadiene 
and 2-chlorobutadiene, and compounds which 
contain two or more double bonds which are iso- 
Iated withrespect to each 0ther, such as ethylene 15 
 glycoI dimethacrylate, methacrylioanhydride, di- 
 allyl.maleate and-divinylbenzene. 
In addition to copolymers obtainable from the 
classes of monomers mentioned above, the co- 
polymerization of fumaricor maleic esters, car- 20 
bon .monoxide, sulfur dioxide, and/or acetylene 
with types oï monomers mentioned, can be 
fected by the process of this invention. Further- 
:more,-the term "pol-ymerization" includes within 
its scope (in addition to the polymerization of a 25 
monomer-alone or of two or more monomers, i.-e., 
copolymerization) the polymerization of unsatu- 
,rated monomers in the presence of chain trans- 
 fer !agents, e. g., carbon tetrachloride. This 
latter process-has been called "telomerization." .30 
See U. S..2,440,800. 
This invention is applicable to the polymeriza- 
tion of anY unsaturated compound subject to ad- 
dition.polymerization by prior techniques. Opti- 
mure conditions may vary from monomer fo 35 
monomer, and since liquid phase polymerization 
is desired, gases such as ethylene and propylene 
require -pressure. 
The .proceæs of this invention is particularly 
.usefhl-for the preparation of dispersions of fusi- 4O 
bte pòlymers anï particularly of ethylene poly- 
mer. The dispersions can.be used for casting of 
film and preparation of coatings or applying the 
polymer dispersionsto.cloth, paper, etc. In view 
Of the absence of peroxy catalyst residues, the 
filmsthus obtained are of superior quality. 
The foregoing detailed description .has been 
given for clearness of understanding only and no 
unnecessary limitaions are to be understood 
therefrom. The invention is not limited to the 50 
exact details shown and described for obvious 
.modifications will occur to those skilled in the 
art. 
What is claimed is: 
.1. In the-addition polymerization of ethyleni- 55 

cally unsaturated .monomers subject to-addition 
polymerization, the improvement wherein the 
monomer is brought in aqueous dispersion into 
contact with, as an initiator of the polymeriza- 
tion, an inorganic acid salt-of :an organic azo 
compound wherein the acyclic azo, 
group is bonded.to two discrete.aliphaticcarbons 
one, at least, of which is tertiary and :bonded-to 
a guanyI radical. 
2. In the addition polymerization of ethyleni- 
cally unsaturated monomers subject to addition 
polymerization, the inprovement wherein the 
monomer is brought in aqueous dispersion into 
contact with, as an initiator of the polyme.riza- 
tion, an inorganic acid salt of an aliphatic azo 
compound of the formula 
HN R R NH 
x. c----N=N----c  .x 
-R"N R' \NR" 
wherein 1% and 1%' are alkyl radicals of one fo 
four carbons, 1%" is selected from the class con- 
sisting of hydrogen and organic radicals oî one 
fo six carbons and HX. is an inorganic acid. 
3. In the addition polymerization of ethyleni- 
cally unsaturated monomers subject fo addition 
olymerization, the improvement .wherein the 
monomer is brought in queous dispersion into 
contact with, as an .initiator of the polymeriza- 
tion, an inorganic acid sali 'of an aliphatic azo 
compound wherein the acyclic-azo, 
group is bonded fo two discrete-tertiary aliphatic 
carbons each bonded fo a guanyl radical. 
4. Process of claire 3 wherein the guanyl radi- 
cal of the azo compound is unsubstituted and the 
aliphatic azo compound in free.base form is satu- 
rated hydrocarbon except for the azo and guanyl 
nitrogens. 
5. Process of claire 3 wherein the azo com- 
pound in free base form is 2»2'-diguanyl-2,2'- 
azopropane. 
6. Process of claire 2 wherein the monomer is 
ethylene. 
7. Process of claim 5 wherein the monomer is 
ethylene. 
1%OBE1%T Vr. UPSON. 
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